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doi:10.1016/j.hkjn.2011.09.002Summary Alcoholic ketoacidosis is an important cause of double gap metabolic acidosis. The
differential diagnosis includes toxic alcohol (such as methanol and ethylene glycol) ingestion.
We report a patient with alcoholic ketoacidosis. He had a history of excessive alcohol intake
and presented with repeated vomiting, loss of appetite and hypovolemic shock. Laboratory
results revealed high anion gap metabolic acidosis, increased serum osmolal gap, ketonemia,
lactic acidosis and acute renal failure. He was successfully treated with hemodialysis, and
hydration with glucose and thiamine.
酒精性代謝酮酸中毒是雙重間隙代謝性酸中毒的重要成因，其鑑別診斷為有毒酒精(如甲醇、乙二
醇)的攝入。以下個案是一位酒精性代謝酮酸中毒患者，具過度攝入酒精的習慣，入院時呈現重複
嘔吐、無食慾、及低血容積性休克。化驗結果顯示高陰離子間隙之代謝性酸中毒、高血清滲透間
隙、酮血症、乳酸中毒、及急性腎衰竭。在接受血液透析、合併葡萄糖與硫胺素補充療法後，
病人反應良好。Introduction
Double gap metabolic acidosis occurs in the setting of
unmeasured active osmoles in the serum (osmolal gap) and
anion gap metabolic acidosis. Alcoholic ketoacidosis (AKA)
is an important cause of double gap metabolic acidosis. The
patient with AKA has a typical history of chronic alcohol
abuse, and recent binge drinking followed by abrupt
cessation of alcohol consumption. Despite the high preva-
lence of alcohol-related problems in the community, the
diagnosis of AKA might be overlooked.1 We report a patientmail.com (C.Y. Cheung).
g Kong Society of Nephrology Ltdwith AKA who presented with both high anion gap metabolic
acidosis and increased serum osmolal gap. Our case high-
lights the importance that, with the combination of these
findings, AKA should not be missed as a major differential
diagnosis.
Case report
A 76-year-old man, with a known habit of consuming
several glasses of whisky a day for more than 10 years,
presented with acute confusion, nausea, vomiting and loss
of appetite of a few days’ duration prior to admission.
There was no abdominal pain. On examination, he was
dehydrated, confused but rousable, with a blood pressure
of 55/25 mmHg, pulse rate of 110 beats/minute, and. Published by Elsevier Taiwan LLC. All rights reserved.
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of 3 mm and reactive to light, and fundoscopy was normal.
Biochemical investigations on admission revealed a pH of
6.82, pCO2 of 2.2 kPa, HCO3 of 3 mmol/L, random plasma
glucose of 1.1 mmol/L, sodium of 143 mmol/L, potassium of
3.2 mmol/L, chloride of 95 mmol/L, urea of 9.3 mmol/L,
creatinine of 218 mmol/L, phosphate of 3.83 mmol/L, and
amylase of 75 IU/L.
The patient was given fluid resuscitation with dextrose
solution immediately, along with intravenous thiamine and
sodium bicarbonate. Shortly after dextrose infusion,
plasma glucose increased to 13 mmol/L and measured
serum osmolality was 323 mOsm/kg. Other results were:
plasma ethanol of 16 mmol/L and serum lactate of
13 mmol/L; serum salicylate and paracetamol were not
detectable. The anion and osmolal gaps were 45 mmol/L
and 15 mOsm/kg, respectively.
Urinary catheter was inserted but the patient was found
to be anuric. As a result, urine ketone results could not be
documented on admission, but serum b-hydroxybutyrate
was significantly elevated (7.47 mmol/L). He was trans-
ferred to the intensive care unit and hemodialysis support
was initiated. Subsequent analysis of the urine sample was
negative for methanol. The patient’s metabolic acidosis
and altered mental status gradually resolved and his renal
function returned to normal.Discussion
AKA is an acute metabolic acidosis seen in those with
a recent history of binge drinking and little or no nutritional
intake. AKA is caused by decreased carbohydrate intake,
which leads to a relative insulin deficiency, together with an
increase in counter-regulatory hormones such as glucagon,
catecholamines and cortisol. This promotes lipolysis and
b-oxidation of free fatty acids to form the ketoacids
b-hydroxybutyrate and acetoacetate. Moreover, there is an
increased ratio of the reduced form of nicotinamide adenine
dinucleotide (NADH) to the oxidized form (NADþ) related to
ethanol metabolism. There are several implications: (1)
impaired conversion of lactate to pyruvate with an increase
in serum lactic acid levels; (2) impaired gluconeogenesis
because pyruvate is not available as a substrate for glucose
production; and (3) a shift in the b-hydroxybutyrate to
acetoacetate equilibrium toward b-hydroxybutyrate.
The clinical diagnosis of AKA is suggested by the
combination of nausea, vomiting, and abdominal pain in
a patient with a history of recurrent alcohol abuse, often
with a recent binge of drinking followed by sudden cessa-
tion of alcohol consumption. In these patients, alcohol is
the most important source of calorie intake. As a result,
cessation of alcohol consumption can cause acute starva-
tion and severe dehydration, leading to the accumulation
of ketone bodies. Laboratory findings include high anion
gap metabolic acidosis and increased serum ketoacid
levels, particularly b-hydroxybutyrate, but also acetoace-
tate, which are the cause of the anion gap. The differential
diagnosis of high anion gap acidosis includes ingestion of
methanol or ethylene glycol. Differentiating AKA from
methanol or ethylene glycol intake is important because if
diagnosed early, the toxic effects of ethylene glycol andmethanol can be minimized by administering an antidote
(ethanol drip or fomepizole) and hemodialysis. Moreover,
propylene glycol intoxication is another important though
less common differential diagnosis of high anion gap
metabolic acidosis. Propylene glycol is an alcohol that is
widely used as a solvent and preservative in cosmetics,
foods and pharmaceuticals such as intravenous lorazepam.
Double gap metabolic acidosis has been reported in patients
receiving high-dose lorazepam infusion.2 In addition, dia-
betic ketoacidosis should be considered, especially in
patients who present with hyperglycemia. Lactate acidosis,
which was present in our patient, is also a common cause of
high anion gap metabolic acidosis. In fact, lactate acidosis is
commonly associated with AKA as an increased amount of
pyruvate is converted to lactate (high NADH to NADþ ratio)
and as the result of hypotensive episodes related to severe
vomiting and dehydration.
Confirmation of methanol and ethylene glycol poisoning
by using gas chromatography is time-consuming. Therefore,
serum osmolal gap is widely used as a screening tool for
ethylene glycol or methanol ingestion.3,4 It is defined as the
difference between measured serum osmolality and
calculated serum osmolality, using the formula:
Calculated serum osmolality ðmOsm=kgÞZ
2 serum Naþ ðmmol=LÞ þ blood glucose ðmmol=LÞ
þ blood urea nitrogen ðmmol=LÞ
The serum osmolal gap in healthy individual is usually
less than 10 mOsm/kg.5 However, it can be increased by
osmotically active solutes other than sodium and its
accompanying anions, urea and glucose. This is usually
caused by alcohols, most commonly ethanol, but also
ethylene glycol or methanol. If a patient with high anion
gap metabolic acidosis has an increased serum osmolal gap
even after accounting for the presence of ethanol, then this
is widely considered to be highly suggestive of methanol or
ethylene glycol intoxication.3 In our patient, the calculated
osmolality was 308 mOsm/kg and the measured osmolality
was 323 mOsm/kg. As a result, the serum osmolal gap in our
patient was 15 mOsm/kg. This can be solely explained by
the presence of ethanol (blood ethanol level 16 mmol/L),
rendering the diagnosis of methanol or ethylene glycol
intoxication unlikely. However, the clinical utility of
measuring the plasma osmolal gap progressively declines
with time after methanol or ethylene glycol intoxication,
and the plasma osmolal gap is insensitive in late presen-
tations since most of the parent alcohol will have been
metabolized. The toxic acid metabolites of methanol
(formate) and ethylene glycol (glycolate, glyoxylate, and
oxalate), which are responsible for the metabolic acidosis,
exist primarily in anionic form and do not contribute to the
plasma osmolal gap.
In our patient, there was coexisting respiratory alka-
losisdas suggested by the disproportionately low PCO2, and
metabolic alkalosisdas suggested by the history of vomit-
ing and change in anion gap/change in bicarbonate level
greater than 1. It is controversial as to whether or not the
acidemia in AKA patients should be corrected by sodium
bicarbonate administration. It has been shown that
administration of alkali may slow the rate of recovery of
the ketosis. In a study of seven patients, the three patients
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ketoacid levels during bicarbonate infusion, resulting in a 6-
hour delay in improvement of ketosis.6 In our patient,
sodium bicarbonate infusion was given in view of the
presence of severe acidemia. On the other hand, the high
serum anion gap indicates that large amounts of ketoacid
anions were available. These provide a substrate for the
regeneration of bicarbonate when the primary metabolic
abnormality is corrected. Hemodialysis was also initiated in
our patient shortly after hospitalization in view of acute
renal failure with severe metabolic acidosis and the possi-
bility of toxic alcohol ingestion.
The mainstay of AKA treatment is hydration with 5%
dextrose in normal saline to address the principal physio-
logic derangement: a lack of metabolic substrate (glucose).
Carbohydrate and fluid replacement reverse this process by
increasing serum insulin levels and suppressing the release
of glucagon and other counter-regulatory hormones and by
providing metabolic substrate. Dextrose stimulates the
oxidation of NADH and aids in normalizing the NADH to
NADþ ratio. Fluids alone do not correct AKA as quickly as
fluids and carbohydrates together. Thiamine supplementa-
tion should also be given upon initiation of dextrose to
decrease the risk of precipitating Wernicke’s encephalop-
athy or Korsakoff’s syndrome.
In summary, we report a patient with AKA and lactic
acidosis who presented with nausea, vomiting in associationwith hypovolemic shock, acute renal failure and the pres-
ence of double gap metabolic acidosis. The diagnosis, once
established, usually confers a favorable prognosis as the
condition tends to respond to intravenous fluid replace-
ment. On the other hand, methanol or ethylene glycol
intoxication, with a similar clinical picture, can be fatal or
produce irreversible tissue damage if they are not quickly
recognized and treated appropriately.
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